Objectives: This study aims to identify the relationship between balance and sagittal spinopelvic alignment (SSA) in ankylosing spondylitis (AS) and compare patients with or without lumbopelvic mismatch in terms of balance.
Ankylosing spondylitis (AS) is a chronic inflammatory disease characterized by progressive inflammation of the vertebral joints. 1 Either inflammation of the vertebral joints, or antalgic posture may cause postural changes including flattened lumbar lordosis, increased thoracic kyphosis and hip flexion in patients with AS. [1] [2] [3] [4] [5] Khan 6 suggested that postural changes were associated with poor balance in patients with AS. It has also been reported that patients with AS had poorer balance than healthy controls. 3 It has been shown that dynamic balance was impaired as tragus-to-wall distance increased and lumbar spine mobility decreased. [7] [8] [9] [10] However, the association between the sagittal spinopelvic alignment (SSA) and balance is still unclear.
Thoracic kyphosis, lumbar lordosis, sacral slope, pelvic tilt and pelvic incidence are the major components of the SSA. Radiological parameters that most highly correlate with pain and disability in spinal deformities are sagittal vertical axis, pelvic tilt, and the balance of pelvic incidence and lumbar lordosis. The difference between pelvic incidence and lumbar lordosis should be less than 10° for ideal spinopelvic alignment. Since pelvic incidence is set by adulthood, corrective surgeries should be planned on achieving the appropriate lumbar lordosis. 11 It has been reported that patients with AS had lower pelvic incidence, lumbar lordosis, sacral slope and higher pelvic tilt and sagittal vertical axis when compared to healthy controls. 7, 12 Sagittal vertical axis, lumbar lordosis and sacral slope were suggested as predictive factors for the clinical outcomes in AS. 12 Improvement of the lumbar lordosis after corrective osteotomies was associated with better clinical outcomes. 13 Postoperative spinal alignment should be properly planned before the spinal deformity surgery.
14 Fall prevention is important, since falls increased the morbidity and mortality in patients with AS. 15, 16 Risk factors for falls and impaired balance should be understood to prevent falls in patients with AS. Also, assessment of the association between sagittal spinopelvic parameters and balance may provide better surgical plans and outcomes. The balance impairment and risk factors for falls in patients with AS were previously reported. 15 However, to our knowledge, none of the previous studies focused on the association between the SSA and balance in patients with AS. Therefore, in this study, we aimed to identify the relationship between balance and SSA in AS and compare patients with or without lumbopelvic mismatch in terms of balance.
PATIENTS AND METHODS
We enrolled 41 patients with AS (22 It was calculated that 18 individuals for each group (lumbopelvic mismatch and lumbopelvic match) should be recruited to have 80% power with 5% type 1 error level to detect a minimum clinically significant difference of pelvic incidence, when the average expected value in the first group was 39.8, with a standard deviation of 10.8 and the average expected value in the second group was 48.6, with a standard deviation of 8.7 based on the previous research conducted by Lee et al. 17 evaluating sagittal spinopelvic parameters in AS patients.
Demographic and clinical parameters including age, body mass index, pain (Visual Analog Scale), disease activity (Bath Ankylosing Spondylitis Disease Activity Index), and disease duration were captured. Posture was evaluated using the core set of Assessment in Spondyloarthritis International Society, tragus-to-wall distance, modified Schober's test and chest expansion. 18 All patients had standing lateral spine X-rays (long-cassette) from a 72-inch distance including the femoral heads. SSA was evaluated measuring thoracic kyphosis, lumbar lordosis, sacral slope, pelvic tilt and pelvic incidence on lateral standing X-rays using Surgimap™, version 2.2.9.6 (Surgimap Spine Software, Nemaris Inc., New York, USA) ( Figure 1 ).
Thoracic kyphosis: 19 The angle between the upper endplate of the T 4 vertebra and the lower endplate of the T 12 vertebra.
Lumbar lordosis: 20, 21 The angle between the upper endplate of the L1 vertebra and the lower endplate of the S1 vertebra.
Sacral slope: 22, 23 The angle between the upper sacral endplate and the horizontal plane.
Pelvic tilt: 22, 23 The angle between the line joining the middle of the sacral endplate and hip axis and the vertical line.
Pelvic incidence: 24 The angle between a line perpendicular to the sacral endplate at its midpoint and a line joining the midpoint and the hip axis. 12, 17 Then lumbopelvic mismatch (lumbar lordosispelvic incidence) was calculated on the basis of target lumbar lordosis (=pelvic incidence±9°) as reported by Schwab et al. 14 Balance was evaluated using weight bearing squat, modified clinical test of sensory interaction (standing on firm or foam bases), walk across, tandem walk, step and quick turn tests of Neurocom Balance Master System ® (NeuroCom. International, Inc., Clackamas, Orlando, USA).
All patients were assessed in the afternoon to eliminate the effects of morning stiffness. In weight bearing squat test, we evaluated the difference in percentage of body weight on each foot while standing, and then with knees flexed at 30°, 60°, and 90°. The modified clinical test of sensory interaction on balance had two parts. In the first part, the patient was requested to stand on a firm base with eyes open. Then, patient stood on a firm base with eyes closed. This test was also repeated on a foam base. Each part was performed three times. Then, we calculated the means of sway velocity of firm or foam bases when the eyes open and closed.
In walk across test, patient was asked to walk as usual for three times. Then, the mean values of step width, step length, step length symmetry and speed were calculated.
The tandem walk test was also repeated for three times. Then, the mean values of step width, speed and end sway were calculated.
The step and quick turn test was also repeated for three times for each side. In this test, patient was asked to step forward and turn 180° back without taking the step off. The mean values of turning time and sway were calculated.
Statistical analysis
G*Power version 3.1.9.2 (Heinrich Heine University, Dusseldorf, Germany) was used for sample size estimation. Data were analyzed using IBM-SPSS for Windows version 22.0 (IBM Corp., Armonk, NY, USA). The histogram and normality plots and Shapiro-Wilk normality test were used for data distribution analysis. Analysis of the main characteristics of patients was performed using descriptive studies. Data were expressed by mean ± standard deviation. The two groups (patients with or without lumbopelvic mismatch) were compared using Mann-Whitney U test and data were expressed as median (minimum-maximum). Spearman's rank was used for analyzing the association of SSA with balance. A p value of <0.05 was considered statistically significant.
RESULTS
Demographic, clinical, postural parameters and SSA parameters in patients with AS were presented in Table 1 .
Patients with AS moderately increased their pelvic tilt, as they got older (r=0.377, p=0.015). They felt more pain, as they had higher pelvic incidence (r=0.339, p=0.03) ( Table 2) . Step and quick turn test; * p<0.05; ** p<0.01.
As thoracic kyphosis increased and sacral slope decreased (in other words, as the spine became C-shaped on lateral X-rays), patients took moderately shorter steps (r=-0.391, p=0.012; r=0.344, p=0.028). Among sagittal alignment parameters, the most significant correlations were detected between the lumbar lordosis and sacral slope, as expected (r=0.570, p<0.001). Pelvic tilt increased, as patients with AS had higher pelvic incidence (r=0.537, p<0.001) ( Table 3) . Patients with lumbopelvic mismatch (males=13, females=13) had significantly higher sway velocity while standing with eyes closed on firm base and with eyes open and closed on foam base. They also walked more slowly compared to patients without lumbopelvic mismatch (Table 4) .
DISCUSSION
In this study, we aimed to identify whether SSA was associated with balance in patients with AS. We also aimed to analyze the association of lumbopelvic mismatch with balance in patients with AS.
Our study showed that patients with AS increased their pelvic tilt by retroverting their pelvis, as they got older. Shin et al. 12 also reported a positive correlation between age and pelvic tilt in patients with AS. Consistent with the literature, patients with higher pelvic incidence were found to feel more pain. 17 Since they felt more pain as they had higher pelvic incidence, they might have retroverted their pelvis as a compensatory mechanism.
Postural changes in AS such kyphosis occur due to prolonged progressive stiffening of the spine and thorax. As AS advances and causes thoracolumbar kyphosis, forward head posture increases with decreased level of horizontal gaze, while sagittal balance declines. We also found that patients walked with slightly shorter steps, as thoracic kyphosis advanced. It has also been reported that advanced kyphosis impaired Step and quick turn-time (second) 2.3±3.1 1.4±0.5 0.450
Step dynamic balance in patients with AS. 7, 8, 10, 25 Our study showed that patients with AS walked with shorter steps, as the sacral slope decreased. It has been demonstrated that sacral slope is the most important indicator of sagittal balance. 26 It has also been reported that sacral slope was related with kyphosis in Chinese patients with AS. 27 We suggest that patients with AS walked in shorter steps, as their spine became C-shaped.
The orientation and harmonization of the lumbosacral pelvic junction play a key role in SSA of the spine. Lumbopelvic mismatch is an important measure for SSA and it is strongly associated with postoperative pain and disability. 11 Measurement of SSA is neglected in daily practice although surgical treatment of spinal deformities in AS increased in recent years.
Neither disease activity nor disease duration was associated with the SSA parameters. Our patients had relatively shorter disease duration and lower disease activity compared to the literature. In this study, we would like to point the possibility of balance disorders even in early terms of AS. To our knowledge, no previous study investigated the associations between disease activity, disease duration and SSA parameters in patients AS. Neither pain nor disease activity was significantly correlated with balance and posture in AS, previously. 3, 7, 8 In order to clarify the association between the disease duration and SSA parameters, further studies with larger sample size and longer duration of disease should be conducted. Moreover, the association of lumbopelvic mismatch with balance in patients with AS has not been reported yet.
In our study, patients with lumbopelvic mismatch had poorer balance while standing on firm or foam bases. It has been reported that patients with AS had proprioceptive deficits when compared to healthy subjects. 3, 8 However, to our knowledge, no previous study compared patients with or without lumbopelvic mismatch. In the present study, patients with lumbo-pelvic mismatch walked more slowly. In our previous study, we observed that patients with AS had worse dynamic balance while walking compared to healthy subjects. Patients with AS widened their steps and walked more slowly to compensate their poor dynamic balance. 8 Sagittal spinopelvic alignment parameters were associated with pain, and balance. Lumbopelvic mismatch impaired both static and dynamic balance. We suggest a comprehensive evaluation of the spine, pelvis, and femoral shaft to avoid balance disorders in patients with AS.
Our study has some limitations. First, we did not have a control group of healthy volunteers, since it would have been unethical to take X-rays of people when there was no health benefit for them. Second, we did not include interactions with hip, knee and ankle and sacroiliac joints, which are important in AS. However, we excluded patients with severe ankylosis and range of motion limitation in lower extremity to eliminate these effects.
In conclusion, lumbopelvic mismatch impaired both static and dynamic balance, while increased thoracic kyphosis and decreased sacral slope impaired only the dynamic balance in patients with AS. To the best of our knowledge, this is the first study to identify the association of SSA with balance in patients with AS. Further prospective studies with larger sample size and longer disease duration need to be performed to understand the mechanism of the SSA and balance in patients with AS.
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